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FOREWORD 

The  work  described  in  this  report  was  performed  under  Contract  No. 
DACW43-83-C-0054  entitled,  "Application  of  Streamtube  Computer  Model  to 
Lock  and  Dam  No.  26  (Replacement)  Project,"  between  the  Department  of 
the  Army,  St.  Louis  District,  Corps  of  Engineers  and  the  Colorado  State 
University,  Fort  Collins,  Colorado. 

The  report  is  a  study  of  the  prevailing  hydraulic  and  sediment 
transport  conditions  at  the  Lock  and  Dam  No.  26  (Replacement)  site  for 
the  Stage  I  cofferdam,  and  the  estimation  of  future  river  channel 
response  to  the  Stage  II  cofferdam  utilizing  the  Streamtube  Computer 
Model.  The  Streamtube  Computer  Model  was  originally  developed  by 
Dr.  Albert  Molinas  at  Colorado  State  University  for  the  U.S.  Bureau  of 
Reclamation  (January  1983)  and  subsequently  was  revised  and  expanded  to 
accomodate  this  study.  The  report  was  prepared  by  Dr.  A.  Molinas, 
Assistant  Professor  of  Civil  Engineering,  Colorado  State  University, 
Fort  Collins,  Colorado. 
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I.  Introduction 

The  Streamtube  Computer  Model  was  developed  to  simulate  long-term 
streambed  variations  in  rivers  for  which  sediment  and  hydraulic  data  is 
limited.  The  use  of  stream  tubes  was  to  allow  the  lateral  and 
longitudinal  variation  of  hydraulic  conditions  as  well  as  sediment 
activity  at  the  cross  sections  along  the  study  reach.  The  object  of  the 
model  is  to  study  complicated  sedimentation  problems  for  which  there  is 
interaction  between  the  flowing  water-sediment  mixture  and  the  alluvial 
river  channel  boundaries.  In  order  to  accomplish  this  purpose,  the 
water  surface  profile  and  other  hydraulic  variable  computations  for 
supercritical,  subcritical  and  the  combination  of  both  flow  conditions 
can  be  carried  out  without  interruption.  The  bed  armouring  and  the 
breaking  of  armour  layer  is  incorporated  to  study  longer  periods  of  flow 
durations . 

The  computer  program  is  a  semi-two-dimensional  program  with  the 
third  dimension,  depth,  being  intrinsically  incorporated  into  the 
computations.  As  such,  it  has  the  basic  limitations  of  every  two- 
dimensional  program;  secondary  flows  cannot  be  simulated.  The  channel 
is  divided  into  preselected  number  of  tubes.  The  bed  elevation  in  each 
stream  tube  is  allowed  to  move  vertically  up  or  down  depending  on  the 
flow  conditions.  As  a  result,  while  one  section  of  channel  is  eroding 
another  section  might  be  aggrading.  Depending  on  the  number  of  stream 
tubes  to  be  used,  the  channel  cross  section  changes  are  averaged  across 
different  channel  sections  of  different  widths,  since  the  computer  time 
and  space  is  directly  related  to  the  number  of  stream  tubes  to  be 
used,  the  user  is  required  to  decide  on  the  optimum  number  of  tubes. 
Bed  forms  are  not  simulated  due  to  the  lack  of  a  generally  accepted 


methodology  for  determining  them.  Even  though  provisions  are  made  to 
expand  the  program  to  include  river  confluences,  and  middle  islands,  at 
this  point  these  options  are  not  available.  The  channel  boundaries  are 
fixed  in  the  lateral  direction  and  formation  of  meander  bends  cannot  be 
simulated. 

The  computer  model  using  stream  tubes  can  be  applied  into  variety 
of  river  problems.  It  can  be  used  as  a  fixed-bed  model  to  compute  water 
surface  profiles  for  subcritical,  supercritical  or  the  combination  of 
both  flow  conditions  involving  hydraulic  jumps.  This  option  allows  the 
applications  involving  the  computation  of  water  surface  profiles  in 
man-made  channels  with  clear  water,  flow  profiles  over  spillways,  or 
flow  profiles  in  natural  river  channels  where  the  interaction  between 
the  sediment-water  mixture  and  the  channel  bed  is  negligible,  in  other 
words  where  the  bed  elevation  changes  are  negligible.  As  a  movable-bed 
model,  the  computer  program  can  be  applied  to  route  water  and  sediment 
through  natural  river  channels.  The  use  of  stream  tubes  allow  the 
variation  of  hydraulic  conditions  and  sediment  activity  not  only  in  the 
longitudinal,  but  also  in  the  lateral  direction.  With  the  selection  of 
a  single  stream  tube,  the  model  becomes  one-dimensional.  Average 
channel  response  to  changes  in  certain  river  flow  or  sediment  conditions 
can  be  studied.  With  the  selection  of  multiple  stream  tubes  the  model 
becomes  two-dimensional.  The  changes  in  the  cross-section  geometries  in 
the  lateral  direction  can  be  simulated.  Since  the  bed-elevation  changes 
are  not  averaged  over  the  entire  active  channel  widths  as  in  one- 
dimensional  models,  more  realistic  channel  erosion  or  aggradation  can  be 
simulated.  This  option  provides  valuable  information  where  a  certain 
navigation  depths  have  to  be  maintained.  It  can  also  be  used  in  bank 
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stability  problems  to  identify  expected  regions  of  bank  instabilities. 
The  armouring  process  provided  in  the  program  allows  to  study  river 
sedimentation  and  scouring  problems  for  longer  periods  of  times. 

The  application  of  the  Streamtube  Computer  Model  to  study  the 
hydraulic  and  sediment  conditions  at  the  Lock  and  Dam  No.  26  (Replace¬ 
ment)  site,  shown  in  Figure  1.1,  was  accomplished  in  three  phases.  The 
first  phase  was  identified  as  familiarization  with  the  project  and 
development  of  the  basic  data  for  the  water  and  sediment  routing. 
Second  phase  was  the  calibration  and  verification  of  the  computer  model 
utilizing  Stage  1  cofferdam  hydraulic  conditions  and  river  bed  measure¬ 
ments.  Third  phase  was  the  application  of  the  computer  model  to  Stage  2 
cofferdam  design. 


Figure  1.1.  General  layout  of  the  Lock  and  Dam  No.  26 
(Replacement)  site. 


Development  of  the  data  set  for  Stage  1  cofferdam  is  presented  in 
Chapter  2  of  this  report.  This  data  set  was  used  in  computing  the 
hydraulic  and  sediment  transport  conditions  at  the  Stage  I  cofferdam 
site  in  Phase  II  of  the  study.  The  results  of  the  computations  are 
presented  in  Chapter  3.  The  data  set  used  to  predict  hydraulic 
conditions  and  the  scouring  for  the  Stage  II  cofferdam  is  presented  in 
Chapter  4.  This  data  was  used  in  the  final  phase  of  the  study,  the 
application  of  the  computer  model  to  Stage  II  cofferdam  design,  and  the 
results  of  the  computations  are  presented  later,  in  the  same  chapter. 
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II .  Development  of  the  Basic  Data  Set  for  the  Determination  of 

Hydraulic  and  Sediment  Conditions  at  Lock  and  Dam  No.  ~26 

Replacement  Site  for  Stage  I  Cofferdam  Study 

This  chapter  presents  the  development  of  the  basic  data  set  for  the 
calibration  and  verification  runs  of  the  computer  model.  The  source  of 
the  reduced  hydraulic,  hydrologic  and  sediment  data  were  documents 
provided  by  the  U.S.  Corps  of  Engineers,  St.  Louis  District.  These 
documents,  describing  various  aspects  of  the  Lock  and  Dam  No.  26 
(Replacement)  Project  were: 

a.  Design  Memorandums  for  Lock  and  Dam  No.  26  (Replacement) 

1.  DM  No.  1,  Hydrology 

2.  DM  No.  9,  Dam 

3.  DM  No.  12,  Lock 

U.  DM  No.  2,  General  Design 

5.  DM  No.  7,  Cofferdam 

b.  Prototype  velocity  and  scour  survey  data. 

c.  Hydrographic  survey  maps  of  the  river  reach  being  studied. 

d.  Daily  stage  and  discharge  data  pertaining  to  th*  \pstream  and 
downstream  boundary  stations,  Alton,  Illinois  and  Hartford, 
Illinois. 

e.  Preliminary  unpublished  model  data  for  first  and  second  stage 
cofferdams . 

f.  Sediment  gradation  curves. 

The  basic  data  set  consists  of  three  groups,  namely  of  stage- 
discharge,  cross  section  and  sediment  data.  For  each  of  these  groups 
the  source,  the  reduction  and  the  final  data  for  the  proposed  analysis 
is  discussed  and  presented. 

2. 1  Stage-Discharge  Data 

The  daily  discharges  of  the  Mississippi  River  at  Alton,  Illinois, 
and  for  the  water  year  October  1981  to  September  1982  have  been  provided 


by  Mr.  Charles  Denzel  of  the  Corps  of  Engineers,  St.  Louis  District. 
The  document  is  a  copy  of  the  discharge  file  by  the  United  States 
Department  of  Interior-Geological  Survey  (Mississippi  River  at  Alton, 
Illinois;  Station  Number  05587500).  The  daily  discharges  of  interest 
cover  January  1982  through  August  1982.  They  are  given  in  Table  2.1  and 
are  graphically  displayed  in  Figure  2.1. 

The  stages  at  Lock  and  Dam  No.  26  and  Hartford,  Illinois  are 
obtained  from  handwritten  records  provided  by  the  Corps  of  Engineers, 
St.  Louis  District.  These  ,  records  also  contain  the  stages  at  the 
upstream  and  downstream  side  of  the  Lock  and  Dam  No.  26  replacement 
(Phase  1).  Table  2.2  gives  the  stage  and  the  corresponding  discharge  at 
Hartford,  Illinois.  Figure  2.2a,  b  and  c,  and  Figure  2.3a  and  b  are 
various  displays  of  the  stage-discharge  data.  In  Figure  2.2a  the  stage- 
discharge  is  represented  on  a  linear- linear  scale  plot  as  a  continuous 
line  in  time.  There  seems  to  be  a  general  looping  effect  for  rising  and 
falling  stage,  however,  there  appears  to  be  no  regularity  among  the 
various  loops.  The  daily  stage-discharge  data  points  corresponding  to 
Figure  2.2a  are  plotted  on  a  linear-linear  scale  in  Figure  2.2b  and  the 
logarithm  of  the  stage-discharge  are  plotted  in  Figure  2.2c. 

The  stage-discharge  regression  equation  for  the  given  data  is: 

527 

Stage  =  .033  •  '  +  390  (1) 

2 

The  regression  coefficient  for  equation  1  is  r  =  .92.  Figure  2.3a 
shows  the  predicted  stage-discharge  values  as  given  by  equation  1  and 
the  actual  data  points  on  a  linear-linear  scale.  The  same  data  is 
plotted  on  a  log- log  scale  in  Figure  2.3b. 

All  plots  show  a  significant  scatter  of  the  real  data  around  the 
predicted  values  (equation  1).  The  use  of  this  regression  equation  to 
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Figure  2.2.  Stage-discharge  relations  at  Hartford,  Illinois. 
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reproduce  the  flows  of  January  through  April  1982  should  be  questioned. 
For  the  simulation  of  the  existing  conditions  at  Lock  and  Dam  No.  26 
Replacement  (Stage  1)  the  use  of  the  actual  discharges  was  preferrable. 
The  model  verification  runs  were  carried  out  by  using  daily  discharges 
at  Alton,  Illinois  and  the  corresponding  water  surface  elevations  at 
Hartford,  Illinois  as  the  downstream  boundary  conditions.  The  days 
where  water  surface  elevations  at  Hartford,  Illinois  were  not  measured 
or  were  questionable  as  indicated  in  the  log-sheets  were  eliminated  in 
generating  the  input  data. 

2.2  Cross  Section  Data 

The  cross  section  data  consists  of  the  initial  cross  section  data 
(13  May  1977)  and  of  the  existing  cross  section  data  at  Lock  and  Dam 
No.  26  Replacement  (Stage  l).  The  initial  cross  sectional  data 
encompasses  13  cross  section  between  RM  196.3  and  RM  202.7.  The 
existing  cross  section  data  at  Lock  and  Dam  No.  26  replacement  consists 
of  7  randomly  spaced  cross  sections  along  the  cofferdam. 

The  stations  used  to  obtain  initial  cross-sectional  data  (May  1977 
soundings)  are  given  in  Table  2.3.  Table  2.4  presents  the  stations  used 
to  study  the  scouring  at  the  Phase  1  cofferdam  site  and  Table  2.5  gives 
the  location  and  the  thalweg  elevations  of  cross  sections  selected  to 
describe  January  1982  conditions  along  the  study  reach. 

Due  to  the  lack  of  channel  cross-section  measurements  away  from  the 
immediate  vicinity  of  the  Phase  1  cofferdam,  channel  cross-sections 
measured  in  May  1977  were  decided  to  be  representative  of  the  initial 
channel  conditions  in  January  1982  away  from  the  cofferdam. 

2.2.1  Initial  Cross-Section  Data  (13  May  1977) 

The  channel  bed  configuration  is  obtained  from  the  Hydrologic 
Survey  maps  of  the  Mississippi  River  (River  mile  202  to  mile  300) .  The 
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Table  2.3.  Cross  sections  obtained  from  May  1977  soundings. 
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Station  Number 

River  Mile 

Distance  from  Alton,  Ill 
(Miles) 

Thalweg 
Elevation  (ft) 

1 

202.7 

0.0 

345 

2 

202.5 

0.2 

380 

3 

202.3 

0.4 

383 

4 

202.1 

0.6 

383 

5 

201.9 

0.8 

369 

6 

201.7 

1.0 

372 

7 

201.5 

1.2 

370 

8 

201.3 

1.4 

374 

9 

201.1 

1.6 

370 

10 

200.9 

1.8 

368 

11 

200.7 

2.0 

367 

12 

200.5 

2.2 

369 

13 

200.3 

2.4 

368 

14 

199.3 

2.6 

363 

15 

196.8 

5.9 

366 

Table  2.4. 

Cross  sections  measured  in  January,  April, 

August  1982  of 

the 

Lock  and  Dam  No.  26  (Replacement)  Site 

Distance  from  Alton,  Ill 

Thalweg 

Station  Number 

River  Mile 

(Miles) 

Elevation  (ft) 

1 

201.0 

1.7 

3<>5 

2 

200.92 

1.78 

345 

3 

200.88 

1.82 

340 

4 

200.79 

1.91 

350 

5 

200.72 

1.98 

360 

6 

200.63 

2.07 

360 

7 

200.47 

2.23 

360 

Table  2.5. 


Summary  of  stations  used  in  describing  the  January  1982 
channel  cross  sections  along  the  study  reach. 

Distance  from  ~  ~  "~ 


Alton,  Ill. 


Thalweg 


Date  of 


Station  Number 

River  Mile 

(Miles) 

Elevation  (ft) 

Sounding 

1 

202.7 

0.0 

345 

May  '77 

2 

202.5 

0.2 

380 

May  '77 

3 

202.3 

0.4 

383 

May  'll 

4 

202.1 

0.6 

383 

May  'll 

5 

201.9 

0.8 

369 

May  'll 

6 

201.7 

1.0 

372 

May  'll 

7 

201.5 

1.2 

370 

May  'll 

8 

201.3 

1.4 

374 

May  'll 

9 

201.0 

1.7 

365 

Jan  '82 

10 

200.92 

1.78 

345 

Jan  '82 

11 

200.88 

1.82 

340 

Jan  '82 

12 

200.79 

1.91 

350 

Jan  '82 

13 

200.72 

1.98 

360 

Jan  '82 

14 

200.63 

2.07 

360 

Jan  '82 

15 

200.47 

2.23 

360 

Jan  '82 

16 

200.30 

2.4 

368 

May  '77 

17 

199.30 

3.4 

363 

May  'll 

18 

196.80 

5.9 

366 

May  'll 

plate  of  interest  is  plate  No.  74  which  contains  channel  bed  soundings 
for  cross  sections  between  River  mile  200  and  202.9.  The  date  of 
soundings  is  May  13,  1977.  These  soundings  are  assumed  representative 
for  the  initial  conditions  because  the  particular  river  reach  is 
considered  stable  (verbal  communication  with  Mr.  Charles  Denzel). 

The  information  contained  on  plate  No.  74  is  not  sufficient  to 
define  a  complete  cross  section.  Location  and  elevations  of  banks  and 
levees  are  not  indicated.  Large  scale  topographic  maps  for  the  given 
river  reach  have  been  provided  by  the  Corps  of  Engineers,  St.  Louis 
District. 

The  cross  sections  were  located  on  the  topographic  maps  by  using  a 
coordinate  system  common  to  plate  No.  74  and  the  topographic  maps. 
Performing  a  proper  scale  transformation,  the  location  of  the  contour 
lines  of  interest  were  transposed  on  plate  No.  74  and  the  cross 
sectional  data  was  completed.  Figure  2.4  shows  the  river  reach  of 
interest  with  all  cross-sectional  information. 

The  origin  of  the  horizontal  axis  across  the  channel  has  been 
arbitrarily  selected  at  the  430  [ft]  contour  line  on  the  left  bank 
looking  downstream.  It  should  be  noted  that  the  430  ft  contour  line  is 
not  available  for  the  right  bank  because  of  the  flood  plain.  For  the 
present  study,  the  flow  on  the  flood  plain  is  not  of  interest  and  will 
be  neglected. 

Table  2.6  lists  the  May  1977  cross-sectional  data  to  be  used  as  the 
initial  conditions  and  Figure  2.5  shows  plots  of  these  cross  sections. 
The  irregularities  in  the  cross  section  at  river  mile  202.7  are  thought 
to  be  due  to  local  scour  behind  the  pier  of  the  Clark  Highway  Bridge. 

Figure  2.6  shows  a  plot  of  the  thalweg  between  river  mile  196.8  and 


May  1977  cross-sectional  data  to  be  used  as  the  initial  conditions 
between  River  Miles  196.8  and  202.7. 


Continued 


Cross  section  plots  for  Mississippi  River  between  RM  196.8 
and  RM  202.7.  The  date  of  soundings  is  May  1977. 


Figure  2.5.  Continued. 


Figure  2.5.  Continued. 
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Figure 


2.2.2  Cross  Section  Data  along  Lock  and  Dam  No.  26  Replacement 
(1982) 

To  calibrate  and  test  the  stream  tube  model,  scour  surveys  at  Lock 
and  Dam  No.  26  Replacement  are  used  to  determine  the  progression  and 
magnitude  of  the  local  erosion.  Three  scour  survey  maps  (Scale  1"=100') 
are  available,  namely  for  January  22,  1982, •; April  29,  1982  and  August  9, 
1982.  Figure  2.7  shows  these  three  maps.  On  these  maps  the  contour 
lines  for  every  5  ft  are  indicated  and  they  are  used  to  define  the  cross 
section.  The  location  of  the  bank  and  levee  are  not  indicated  and  again 
they  are  obtained  from  the  topographical  maps.  To  superpose  the 
information  from  both  maps,  the  same  procedure  as  used  for  the  initial 
cross  sections  is  applied.  Figure  2.8  shows  the  reach  of  interest  and 
contains  all  information  pertinent  to  the  cross  sections  along  Lock  and 
Dam  No.  26  replacement. 

Table  2.7  lists  the  final  cross  sectional  data  for  the  7  cross 
sections  for  January  22,  April  26  and  August  9,  1982.  Figure  2.9  shows 
plots  of  these  cross  sections.  The  origin  of  the  horizontal  axis  across 
the  channel  has  been  arbitrarily  selected  at  the  430  (ft)  contour  line 
on  the  left  bank  looking  downstream.  On  the  right  side  the  cross 
section  is  defined  by  the  cofferdam  of  Lock  and  Dam  No.  26  Replacement 
(Phase  1).  The  scouring  activity  at  the  Lock  and  Dam  No.  26  Replacement 
site  can  be  observed  from  the  superposed  cross-sections  given  in  Figure 
2.10.  In  the  next  phase  of  the  study  the  data  presented  in  this  figure 
will  be  used  for  comparison  between  the  measured  and  computed  channel 
cross  sections  for  Phase  1  cofferdam.  Starting  with  January  1982  cross 
sections,  the  water  and  sediment  routing  computer  program  will  be  used 
to  compute  February,  March,  and  April  1982  cross  sections.  These  cross 


Figure  2.7(b).  Scour  survey  map  (Ap 


survey  map  (August  1982 


-section  data  for  Mississippi  River  between 
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Table  2.7.  Continued. 
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Figure  2.9.  Cross  section  plots  for  Mississippi  River  between  River 
Miles  200.47  and  201. 
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Figure  2.9.  Continued. 


sections  will  be  compared  with  the  measured  cross  sections  presented  in 
Figure  2.9. 


2.3  Sediment  Data 

Sediment  data  for  the  Lock  and  Dam  No.  26  Replacement  site  was 
provided  by  the  Corps  of  Engineers,  St.  Louis  District.  The  data  was 
derived  from  2-inch  diameter  or  smaller  disturbed  samples  secured  during 
past  subsurface  explorations.  For  the  mathematical  model  study,  the 
sediment  in  the  reach  of  interest  has  been  divided  into  three  groups: 
alluvium,  outwash  and  Ice  Contact  deposits.  Figures  2.10a  through  2.10c 
present  the  gradation  curves  provided  by  Mr.  Bruce  H.  Moore  of  the  Corps 
of  Engineers,  St.  Louis  District,  Foundation  and  Materials  Branch. 
According  to  Mr.  Moore,  the  following  average  elevations  for  the  above- 
mentioned  three  layers  are  suggested: 

Alluvium  -  river  bottom  to  elev.  344  ft 
Outwash  -  Elev.  344  ft  to  324  ft 
Ice  Contact  -  Elev.  324  ft  to  293  ft 
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Aoolication  of  Streamtube  Computer  Model  to  Stage  I  Cofferdam 


In  this  chapter  the  hydraulic  and  sediment  computations  using  the 
data  set  developed  previously  in  Chapter  2  will  be  presented.  First, 
the  results  of  water  surface  profile  computations  will  be  discussed. 
Second,  the  sediment  routing  computations  which  were  carried  out 
simultaneously  with  hydraulic  computations  will  be  presented.  This  phase 
of  the  study,  identified  as  Second  Phase,  aimed  to  calibrate  and  verify 
the  Streamtube  Computer  Model  using  existing  flow  and  scour  data.  After 
screening  the  available  data  the  period  of  January-April  1982  was 
selected.  During  this  period  10  to  15  feet  of  scour  was  observed  at 
some  cross  sections  along  the  Stage  I  Cofferdam  site.  It  is  because  of 
such  scouring  that  this  particular  period  pr<~v_ded  a  valuable  model 
verification  test. 


Channel  cross  sections  and  contour  maps  of  the  Stage  I  cofferdam 
site  show  little  change  in  the  river  bed  topography  following  April 
1982,  even  for  flows  of  close  or  equal  magnitude.  This  is  believed  to 
be  due  to  the  coarsening  of  the  sediment  forming  the  bed  layer.  To 
determine  the  dominant  sediment  size  for  this  erosion  retarding  layer, 
various  numerical  experiments  were  conducted.  The  findings  from  this 
phase  of  the  study  were  used  extensively  in  the  subsequent  Stage  II 
Cofferdam  scouring  study. 

3.1  Water  Surface  Profile  Computations 

For  hydraulic  computations,  the  Streamtube  Computer  Model  uses 


steady,  gradually  varied  flow  equations.  During  a  time  step  the  flow  is 
regarded  to  remain  steady  and  Bernouilli's  equation  with  energy  losses 
is  applied  along  streamtubes. 


Starting  with  January  22,  1982  channel  cross  sections  presented  in 
Tables  2.6  and  2.7,  the  water  and  sediment  routing  program  was  used 
to  compute  daily  water  surface  profiles.  Daily  discharges  measured  at 
Alton,  Illinois  and  the  corresponding  water  surface  elevations  at 
Hartford,  Illinois,  presented  in  Tables  2.1  and  2.2,  were  used  as  the 
downstream  boundary  conditions.  Due  to  practical  limitations  some 
simplifying  assumptions  were  made.  the  river  channel  was  assumed  to 
have  a  uniform  roughness  across  and  along  the  study  reach.  Based  on 
initial  water  routing  runs  a  Hanning's  roughness  coefficient  "n"  of 
0.025  was  selected  to  represent  the  channel  roughness.  The  expansion 
and  contraction  loss  coefficients  were  set  to  0.3  and  0.1,  respectively. 

A  summary  of  measured  and  computed  water  surface  elevations  along 
the  study  reach  is  given  in  Tables  3.1  and  3.2  with  4  day  intervals. 
The  data  presented  in  Table  3.1  was  extracted  from  the  daily  stage  and 
discharge  records  provided  by  the  Corps  of  Engineers,  St.  Louis 
District.  Computed  water  surface  elevations  throughout  the  study  reach 
are  given  in  Table  3.3  and  are  plotted  in  Fig.  3.1a  through  Fig.  3.1r. 
Also  given  in  Table  3.3  is  the  computed  water  surface  elevations  at  the 
downstream  and  upstream  of  the  Stage  I  cofferdam.  A  plot  of  computed 
drop  in  water  surface  elevations  along  the  cofferdam  site  against 
measured  drop  is  given  in  Fig.  3.2  for  comparison  purposes.  This  figure 
indicates  a  close  agreement  in  predicting  the  water  surface  elevation 
drop  along  the  cofferdam.  The  difference  between  measured  and  computed 
elevations  is  within  0.15  ft.  The  measured  drop  along  the  cofferdam  had 
not  taken  the  difference  in  velocity  heads  at  the  upstream  and  down¬ 
stream  ends  of  the  cofferdam  into  account. 
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TABLE  3.1  Measured  Water  Surface  Elevations  for  January-April  1982  to  be  used 
for  comparison  in  the  water  surface  profile  computations. 


B 

iwi 

DISCHARGE 

(CVS) 

STAGE  AT 
HARTFORD 
(FT)  tfGMD. 

STAGE  AT  PHASE  I  COFFERDAM 

STAGE  AT 

TiTEii THOU 

9SBI 

UPSTREAM 
(FT)  NGVD. 

LOCKS  DAM  26 
(FT)  NI.G.VD. 

9 

51.S00 

399.06 

-- 

-- 

399.53 

9 

51,100 

398.95 

-- 

-- 

399.38 

9 

124,000 

407.97 

-- 

-- 

408.75 

75,100 

403.82 

-- 

-- 

404.29 

20 

65,100 

401.17 

-- 

-- 

401.65 

24 

63,600 

400.45 

-- 

-- 

400.98 

28 

118,000 

405.07 

-- 

-- 

406.03 

32 

243,000 

412.57 

413.7 

414.4 

414.17 

36 

241,000 

414.30 

415.3 

416.0 

416.22 

40 

208,000 

410.10 

411.0 

411.9 

412.02 

44 

172,000 

408.06 

-- 

409 . 83 

48 

129,000 

405.40 

406.1 

406.7 

406.86 

52 

205,000 

407.41 

-- 

-- 

409 . 82 

56 

307,000 

413.93 

415.9 

416.9 

417.31 

60 

351,000 

415.42 

417.5 

418.8 

419.28 

64 

355,000 

417.69 

418.  S 

420.1 

420.63 

68 

290,000 

412.60 

414.0 

415.0 

415.70 

72 

273,000 

412.30 

413.7 

414.6 

415.19 

255,000 

411.3 

-- 

-- 

413.95 

9 

■ 

253,000 

410.2 

411.6 

412.6 

413.3 

m 

340,000 

415.3 

417.0 

418.1 

418.72 

9 

310,000 

413.70 

— 

-- 

416.37 

9 

282,000 

411.90 

412.9 

415.5 

415.09 
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TABLE  3.2  Computed  Water  Surface  Elevations  for  January  22-April  1,  1982 


DAY 

MO. 

— 

■w&H 

STAGE  AT 
HARTFORD 
(FT)NGUD. 

STAGE 

AT  PHASE  I 

STAGE  AT 

LOCK  §  DAM  26 
(FT)  NGYDt 

UPSTREAM 
(FT')  N.G.VH 

mm  jWjtRjiji 

B 

51.200 

399.06 

399.26 

399.35 

0.09 

399.67 

8 

SI, 100 

398.85 

399.15 

399.24 

0.09 

399.55 

12 

124,000 

407.97 

408.31 

408.63 

0.32 

409.05 

16 

75,100 

403.82 

404.04 

404.17 

0.13 

404.48 

20 

65,100 

404.17 

401.39 

401.52 

0.13 

401.84 

24 

63,600 

400.95 

400.68 

400.80 

0.22 

401.15 

28 

118,000 

405.07 

405.48 

405.81 

0.33 

406.32 

32 

243,000 

412,57 

413.30 

414.15 

0.85 

414.90 

36 

241,000 

414.30 

414.92 

415,70 

0.78 

416.33 

40 

208.000 

410.10 

410.79 

411.46 

0.67 

412.17 

44 

172,000 

408.06 

408.65 

409.13 

0.48 

409.75 

48 

129,000 

405.40 

405.87 

406.18 

0.31 

406.69 

52 

205,000 

407.41 

408.03 

408.65 

0.62 

409.38 

56 

307,000 

413.93 

414.47 

415.51 

1.04 

416.30 

60 

351.000 

415.42 

415.99 

417.23 

1.24 

418.11 

64 

355,000 

417.69 

418.11 

419.24 

1.13 

419.99 

68 

290, 000 

412.60 

413.23 

414.11 

0.88 

414.88 

72 

273,000 

412.30 

412.90 

413.66 

0.76 

414.37 
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Figure  3.1.  Continued 


Figure  3.1.  Continued 


Figure  3.1.  Continued 


67 


Considering  the  fact  that  higher  velocities  were  experienced  at  the 
upstreaa  end  of  the  Stage  I  cofferdam,  the  difference  between  measured 
and  computed  drop  in  water  surface  elevations  were  within  ±0.1  ft. 
However,  the  water  surface  elevations  at  the  upstream  end  of  the  study 
reach  showed  higher  differences.  For  flows  up  to  240,000  cfs  the 
results  were  within  0.2  ft.  For  the  discharge  of  355,000  cfs  the 
difference  between  measured  and  computed  water  surface  elevations  at 
Alton,  Illinois  were  0.64  ft.  For  this  discharge  the  elevation  of  water 
surface  was  420  ft  N.G.V.D.  The  higher  discrepancy  for  increasing 
stages  is  due  to  the  assumption  of  a  uniform  roughness  coefficient 
across  the  channel,  and  the  use  of  Hay  1977  cross  sections  away  from  the 
Stage  I  cofferdam.  By  increasing  the  stages,  more  of  overbank  regions 
are  included  into  the  flow  area.  Neglecting  the  additional  roughness 
introduced  by  the  overbank  regions  is  expected  to  produce  lower  computed 
water  surface  elevations.  The  use  of  Hay  1977  cross  sections  away  from 
the  cofferdam  is  believed  to  be  another  major  source  of  discrepancy. 

Other  iteau  for  consideration  are  the  time  and  accuracy  of  water 
surface  elevation  measurements  at  Alton,  Illinois.  The  time  at  which 
measureamuits  are  taken  is  especially  important  during  rapid  changes  in 
downstream  or  upstream  water  surface  elevations.  Also,  under  certain 
flow  conditions  the  level  of  accuracy  for  water  surface  elevation 
measurements  are  generally  expected  to  be  lower.  The  present  computa¬ 
tions  were  extended  upstream  up  to  the  River  Hile  202.7.  For  the  sake 
of  simplicity  the  computations  were  carried  out  up  to  the  downstream  end 
of  the  highway  bridge  connecting  State  of  Hissouri  to  Illinois.  The 
unaccounted  drop  across  this  highway  bridge  was  also  partially 
responsible  for  the  lower  computed  water  surface  elevations  at  Alton, 
Illinois. 
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For  this  study  the  water  surface  computations  had  the  largest 
impact  on  the  sediment  transport  computations  in  estimating  the  energy 
gradient  along  the  cofferdam  structure.  Since  measured  and  computed 
water  surface  gradients  were  in  close  agreement  these  computations  were 
not  elaborated  any  further. 

3.2  Sediment  Routing  Computations 

For  sediment  routing  computations,  the  Streamtube  Computer  Model 
uses  Exner  type  sediment  continuity  equation  along  each  stream  tube. 
Change  in  bed  elevation  at  a  given  cross  section  is  computed  by 
balancing  the  amount  of  sediment  entering  and  leaving  the  cross  section 
during  a  time  step  and  the  volume  of  accumulation/ scouring  from  the 
cross  section  during  this  period  of  time.  Once  the  hydraulic  computa¬ 
tions  are  performed  and  variables  like,  velocity,  hydralic  radius, 
energy  slope,  cross  sectional  area,  width  are  determined  along  a  stream 
tube,  the  amount  of  sediment  transport  capacity  at  each  cross  section  is 
computed  for  different  sediment  size  fractions.  Presently  the  computer 
model  offers  a  selection  of  seven  methods  for  sediment  transport 
capacity  computations.  These  options  are: 

1.  Yang's  1973  and  1983  equations 

2.  Ackers  and  White  equation 

3.  Engelund  and  Hansen's  equation 

4.  Modified  Einstein  Method 

5 .  Tof f aletti  Method 

6.  Einstein's  Method 

7.  Meyer-Peter  and  Muller's  equation 

Depending  on  the  availability  of  a  given  sediment  size  and  the  transport 
capacity  of  the  stream  to  carry  a  certain  size  sediment  the  net  sediment 
deposition/ scour  at  a  given  cross  section  is  computed. 


iAVatv.v/.-.xv.v;/'.-..  ■•.v.v.-.  ..-.  -•.  .-.v.v.v  v.'.-.v.  v -v-*. 


For  the  present  study  the  sediment  transport  capacity  of  stream 
tubes  were  computed  by  Yang's  1973  equation  for  sediment  sizes  up  to 


2  mm,  and  Yang’s  1983  equation  for  sediments  of  larger  sizes. 

Figure  3.3  gives  the  comparison  between  measured  bed  material 
discharge  of  Mississippi  River  at  St.  Louis,  Mo.  and  computed  results 
of  different  equations  (Yang  and  Stall,  1976).  As  demonstrated  in  this 
figure,  Yang's  1973  equation  could  estimate  the  bed  material  discharge 
at  the  project  site  adequately. 

The  gradation  curve  for  the  alluvium  layer  given  in  Fig.  2.10a  was 
used  to  describe  the  initial  river-bed  material.  The  size  ranges  and 
fractions  used  for  the  sediment  were: 


Size  Ranges 
0.0625-Q.2000  mm 
0.2000-0.5000  mm 
0.5000-1.0000  mm 
1.0000-3.0000  mm 
3.0000-10.00  mm 


Size  Fractions 
10% 

37% 

26% 

16% 

11% 


Results  of  sediment  routing  computations  are  presented  in  Tables  3.4 
through  3.9  and  in  Figs.  3.4  through  3.16.  Tables  3.4  through  3.9 
tabulate  the  computed  channel  cross  sections  along  the  Stage  I  Cofferdam 
at  various  stations  at  different  time  steps.  Figures  3.4  through  3.10 
display  plots  of  these  cross  sections.  The  same  results  are  displayed 
in  Figs.  3.13,  3.15,  3.17  and  3.18  in  terms  of  contour  maps  of  the 
cofferdam  region.  Starting  with  the  January  22,  1982  contour  maps, 
measured  contour  maps  for  2  February,  2  March,  and  1  April  1982  are 
also  given  in  Figs.  3.11,  3.12,  3.14,  and  3.16  for  comparison  purposes. 
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COMPUTED  TOTAL  SEDIMENT  DISCHARGE,  qt,  IN  KILOGRAMS  PER  SECOND 


Table  3.4.  Channel  cross  section  plots  at  station  21,753.6  ft. 
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Table  3.6.  Channel  cross  section  plots  at  station  21,067.2  ft 
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Table  3.9.  Channel  cross  section  plots  at  station  19,377.6  ft. 
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Table  3.9.  Continued 


(b) 

Figure  3.4.  Channel  cross  section  plots  at  station  21,753.6  ft 
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Figure  3.9.  Channel  cross  section  plots  at  station  19,377.6  ft. 
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(a) 


(b) 

Figure  3.10.  Thalweg  profile  along  Mississippi  River  RM  196.8 


Figure  3.11.  Measured  contour  lines  (22  January  1982). 


Figure  3.12.  Measured  contour  lines  (2  February  1982). 


Measured  contour  lines  (2  March  1982). 
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Figure  3.16.  Measured  contour  lines  (I  April  1982). 
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3.17.  Computed  contour  lines  at  Time  Step  64. 
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Channel  cross  sections  for  these  dates  correspond  to  days  12,  40  and  72 
in  the  Figures  3.4  through  3.10  and  Tables  3.4  through  3.9. 

After  various  numerical  experiments  it  was  found  that  assuming  the 
3-10  mm  size  group  as  the  dominant  sediment  si2e  achieved  the  closest 
agreement.  The  closeness  between  measured  and  computed  contour  lines 
confirms  the  validity  of  such  an  assumption. 
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IV.  Stage  II  Cofferdam  Study 

4.1  Development  of  the  Data  Set  foe  Stage  II  Cofferdam 

This  section  presents  the  data  set  to  be  used  in  conjunction  with 
the  Streamtube  Computer  Model  to  determine  the  hydraulic  and  sediment 
transport  conditions  for  the  Stage  II  cofferdam  design  Fig.  4.1.  The 
source  of  the  reduced  hydraulic  and  hydrographic  data  was  U.S.  Corps  of 
Engineers,  St.  Louis  District.  These  documents  were: 

a.  Design  Memorandums  for  Stage  II  Cofferdam 

b.  Most  recent  hydrographic  survey  maps  of  the  river  reach  being 
studied. 

c.  Preliminary  unpublished  model  data  for  second  stage  cofferdam 

d.  Typical  Average  Hydrograph  for  1965-1981 

The  basic  data  set  consists  of  two  groups,  namely  of  stage-discharge  and 
channel  cross  section  data. 

4.1.1  Stage-Discharge  Data 

The  typical  average  hydrograph  for  1965-1981  to  be  used  for  Stage 
II  cofferdam  study  is  presented  in  Table  4.1  and  plotted  in  Fig.  4.2. 
This  typical  hydrograph  was  used  in  the  physical  model  tests  conducted 
at  Waterways  Experiment  Station,  U.S.  Corps  of  Engineers.  It  consists 
of  discretized  discharges  of  different  durations.  Table  4.1  gives  the 
discharges  for  different  flow  numbers,  their  duration,  and  the  corres¬ 
ponding  downstream  water  surface  elevations  used  in  the  physical  model 
study  for  each  flow  in  prototype  scales.  These  stage-discharge  values 
will  be  used  as  downstream  boundary  conditions  for  hydraulic 
computations . 

4.1.2  Channel  Cross  Section  Data 

The  location  of  channel  cross  sections  used  in  Stage  II  cofferdam 
study,  and  the  starting  riverbed  topography  to  be  used  as  initial 


General  layout  of  cross  sections  used  for  Stage  II  Cofferdam 
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TABLE  4.1  Typical  Average  Hydrograph  for  1965-1981  used  in  Phase  II 
Cofferdam,  Lock  §  Dam  No.  26  (replacement)  Study. 


Downstream  Control 

Flow  No.  Discharge  Elevation  at  RM  199.3  Flow  Duration 


(CFS) 

CFT) 

(DAYS) 

1 

68,000 

400.5 

9 

2 

60,000 

399.8 

14 

3 

76,000 

401.0 

8 

4 

90,000 

402.0 

8 

5 

82,000 

401.2 

15 

6 

98,000 

402.7 

7 

7 

88,000 

402.0 

8 

8 

114,000 

403.8 

10 

9 

150,000 

406.3 

13 

10 

214,000 

411.0 

15 

11 

240,000 

412.7 

10 

12 

265,000 

414.5 

10 

13 

245,000 

413.0 

17 

14 

185,000 

408.8 

15 

15 

150,000 

406.3 

24 

16 

100,000 

402.6 

13 

17 

80,000 

406.2 

32 

18 

66,000 

400.2 

33 

19 

78,000 

401.2 

8 

20 

94,000 

402.2 

10 

21 

82,000 

401.3 

8 

22 

88,000 

402.0 

7 

23 

75,000 

400.9 

13 

.VV-VV 


s 


conditions  for  the  water  and  sediment  routing  program  are  presented  in 
Figs.  4.1  and  4.3.  Figure  4.1  shows  the  general  location  of  17  of  the 
19  cross  sections  used  in  the  study.  These  cross  sections  are  closely 
spaced  along  the  study  reach.  Assuming  the  May  7,  1983  cross  sections 
as  initial  cross  sections,  the  location  of  Stage  II  cofferdam  structure 
was  indicated  in  Fig.  4.4  at  different  stations  along  the  study  reach. 
These  channel  cross  sections  are  tabulated  in  Table  4.2. 

4.2  Application  of  Streamtube  Computer  Model  to  Stage  II  Cofferdam 

In  this  section,  the  data  set  developed  in  Section  4.1  for  the 
Streamtube  Computer  Model  will  be  used  to  predict  the  amounts  and 
pattern  of  the  scouring  activity  at  the  Stage  II  Cofferdam  site.  A 
time  step  of  6  days  was  used  in  hydraulic  and  sediment  transport 
computations  to  simulate  flows  for  the  typical  average  hydrograph  given 
in  Fig.  4.2, 

In  the  following  tables  and  figures  the  channel  cross  sections  are 
identified  by  their  distance  to  the  furthest  station  in  the  downstream 
direction  (at  River  Mile  199.3),  in  fact. 

4.2.1  Water  Surface  Profile  Computations 

The  stage-discharge  values  given  in  Table  4.1  were  used  to  obtain 
the  downstream  boundary  conditions  for  water  surface  profile  computa¬ 
tions.  The  stages,  and  the  corresponding  discharges  at  every  sixth  day 
were  used  as  an  input  table.  Due  to  practical  reasons,  a  uniform 
channel  roughness  throughout  the  study  reach  with  a  Manning's  roughness 
coefficient  of  0.030  was  assumed.  Figure  4.5  presents  the  actual  and 
approximated  average  discharge  hydrograph  for  1965-1981  used  for  Stage 
II  Cofferdam  study. 
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Figure  4.3.  May  7,  1983  contour  map  used  for  Phase  II  Cofferdam  scouring  study. 


Si 

• 

s 

• 

s: 

83**8 

«  •  «  •  * 

UIIUVI0I0 

88888 

■»  1 
*-  | 

SI 

a: 

Ml  1 

****** 

SSnnnR 

S-l 

Ii 

31 

****** 

8888RR 

M  | 

H  1 

Si 

a: 

Ml  1 

►-  1 
(A  1 
«  1 
O  ( 

1 

•  1 

1: 

zzw. 

=sS2«a 

i 

*-  i 
U»  1 

sl 

•  i 

11 

&393£S 

1 

•-  » 
VI  1 

5  i 

i 

•  i 

1: 

***** 

•  •  i  •  * 

nwmmmn »m 

*:, 

* 

K, 

&i 

M  1 

*  te  i 

•  U  1 

st: 

M  1 

«*nnwMi 

ill 

s 

i 

5 

i 

-“5: 

,*g! 

1=1:  *33*3 


Mi  ««* 
1=1:  33333 


Sssi  *****  «  i«s  ««; 
?pj  532=2  :  gp|  *3=25 

p|S  5?S55  pi  |  5?5-5 


4* 

i=I 

!lsi 

gs=i 

!pi 

Pii 


:::: 

sssi 


ssss 

•  •  t  • 

TT^H 


********* 

SsssssssS 


•  •wevotnu 


=3283*8* 


si§: 

|=i  ******** 

1=1:  IS*****? 


gss:  *******: 

■;  55552*23 

•8* 

Ess :  ••32222! 

*Jn  -ZZZZZZl 


=:  ***** 

!i  mn 

Ml  t 


=!  ***** 

I!  mn 


li  ms 

ii  mu 


Ii  SSSSSIS! 

II  SSSSSSs 


Continued 


POINTS  PLOTTED  FOR  GRAPH.  IA. 

CHANNEL  CROSS  SECTIONS  FOR  PHASE  II  COFFERDAR  RN  2M.72 
INDEX  HOR.  DIST  ELEVATION  INDEX  HOR.  DIST  ELEVATION  INDEX  NOR.  DIST  ELEVATION 
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Actual  and  approximated  average  discharge  hydrograph  for  1965-1981 


Results  of  the  water  surface  profile  computations  are  summarized  in 
Table  4.3a.  Table  4.3b  presents  the  computed  water  surface  profiles 
with  24  day  time  intervals.  These  results  are  displayed  in  Fig.  4.6. 

The  difference  between  measured  water  surface  elevations  from 
W.E.S.  physical  model  study  and  the  computed  results  are  within  ±1.5  ft. 
The  discrepancy  is  attributed  to  i)  1/100  model  scale,  ii)  the  use  of 
May  1983  cross  sections  in  the  present  study. 

Due  to  the  scale  of  the  model,  any  difference  between  measured  and 
computed  results  is  amplified  by  a  factor  of  100.  The  use  of  different 
channel  cross  sections  also  affect  the  computations.  Taking  these 
points  under  consideration  the  results  are  in  close  agreement. 

4.2.2  Sediment  Routing  Computations 

Starting  with  May  7,  1983  cross  sections  the  Streamtube  Computer 
Model  was  applied  to  Stage  II  cofferdam  design.  Sediment  routing 
computations  were  carried  out  with  a  time  step  of  6  days. 

Numerical  experiments  for  the  Stage  I  cofferdam  study  had  shown  the 
dominant  sediment  size  for  the  period  following  March  10,  1982  to  be 
2-10  mm.  For  this  final  phase  of  the  study  similar  experiments  were 
conducted.  Assuming  the  alluvium  layer  sediment  size  distribution 
resulted  in  large,  and  unrealistic  scour  patterns. 

Since  the  alluvium  layer  was  extending  only  down  to  elevation 
344  ft,  and  since  the  observed  bed  topography  had  not  shown  any 
significant  changes  after  December  1982  and  April  1983  floods,  the 
dominant  sediment  size  is  predicted  to  be  the  3-10  mm  range.  Because  of 
the  unusually  large  floods  which  were  experienced  at  the  Stage  I 
cofferdam  site  in  the  past  2  years,  the  assumption  of  this  coarser  size 
is  quite  realistic.  It  is  believed  that  the  finer  sediment  is  removed 
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Table  4.3a.  Summary  of  water  surface  elevation  computations 

for  Mississippi  River,  RM  199.3  -  201.0  (Stage  II 
Cofferdam  Study) 


Measured  W.S.E. 


Day 

Number 

Discharge 

(cfs) 

Control  W.S.E. 
at  RM  199.3 
(ft)  N.V.G.D. 

at  RM  201.0 
W.E.S.  Model 
(ft)  N.V.G.D. 

Computed  W.S.E. 
at  RM  201.0 
(ft)  N.V.G.D. 

24 

76,000 

401.00 

402.0 

401.57 

48 

82,000 

401.20 

402.4 

401.86 

72 

114,000 

403.80 

405.0 

404.83 

96 

214,000 

411.00 

411.5 

412.54 

120 

265,000 

414.50 

415.40 

416.24 

144 

245,000 

413.00 

413.50 

414.44 

168 

150,000 

406.30 

408.20 

407.37 

192 

100,000 

402.60 

405.0 

403 . 36 

216 

8,000 

406.20 

403. 0(?) 

406.68 

240 

66,000 

400 . 20 

402.0 

400 . 66 

264 

78,000 

401.20 

403.0 

401.76 

288 

88,000 

402.00 

404.0 

402.64 

312 

90,000 

402.00 

409.8 

402.68 

336 

72,000 

400.60 

402.5 

401.12 

360 

75,000 

400.90 

402.0 

401.43 

Figure  4.6.  Continued 


Figure  4.6.  Continued 
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from  the  alluvium  and,  wherever  exposed,  from  the  outwash  layers. 
Results  of  sediment  routing  computations  are  tabulated  in  Tables  4.4 
through  4.18.  The  computed  channel  cross  sections  at  different  times 
are  given  in  Fig.  4.7  through  Fig.  4.21,  and  are  displayed  in  the  form 
of  contour  maps  in  Figs.  4.22  through  4.27. 

Figures  4.21  through  4.27  show  the  expansion  of  the  340  ft  contour 
line  located  initially  between  RM  200.92  and  200.82  with  time.  At  the 
time  step  120,  the  340  ft  contour  line  extends  up  to  RM  200.79  and  at 
time  step  180  all  the  way  down  to  RM  200.72.  Also  at  time  steps  180, 
the  development  of  33S  ft  contour  line  can  be  observed.  After  the  180th 
time  step,  the  river  bed  undergoes  little  change. 

The  concentrated  scour  zone  formed  during  the  first  180  time  steps 
at  the  channel  constriction,  between  River  Miles  200.90  and  200.76, 
remain  practically  unchanged  for  the  remaining  computation  time  steps. 


Table  4.4.  Channel  cross  section  plots  at  station  8764.8  ft. 


Channel  cross  section  plots  at  station  8342.4  ft 
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Channel  cross  section  plots  at  station  8025.6 


Channel  cross  section  plots  at  station  7497.6  ft  at  different 


Table  4.12.  Channel  cross  section  plots  at  station  7022.4  ft  at  different  times. 


.15.  Channel  cross  section  plots  at  station  6177.6  ft  at  different  times. 
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Channel  cross  section  plots  at  station  5808.0  ft  at  different  times 


Figure  4.8.  Channel  cross  section  plots  at  station  8553. 6  ft 
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Figura  4.10.  Channal  cross  sscClon  plots  at  station  8342.4  ft. 
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Figure  4.11.  Channel  croae  section  plots  at  station  8184.0  £t 
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Figure  4.20.  Choanal  cross  section  plots  at  station  5280 


22.  Computed  contour  lines  (60  days  later). 


23.  Coaputed  contour  lines  (120  days  later) 


Figure 


.26.  Computed  contour  lines  (312  days  later). 
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V.  Discussion 

This  purpose  of  this  study  was  to  estimate  the  amount  scour  at  the 
Stage  II  cofferdam  design  site  by  the  use  of  the  Streamtube  Computer 
Model. 

Results  of  these  computations  were  presented  in  Chapter  4.  These 
results  show  that  for  the  typical  average  discharge  hydrograph  for 
1965-1981,  at  the  upstream  end  of  the  cofferdam,  ground  cells  91,  92 
where  the  river  channel  is  contracted,  5  feet  of  scour  is  expected. 
Starting  with  channel  bottom  elevations  of  342  ft,  around  cell  92,  the 
river  bottom  was  scoured  to  an  elevation  of  337  ft.  The  contour  maps 
generated  using  computed  elevations  indicate  a  concentrated  scour  zone 
located  at  the  area  of  contraction  induced  by  the  flow  deflector  at 
River  Mile  200.88. 

Sediment  routing  coaiputations  were  carried  out  with  no  sediment 
inflow  to  the  study  reach.  This  option  was  selected  to:  i)  lack  of  any 
rational  way  of  predicting  the  sediment  inflow  to  the  study  reach;  ii) 
to  provide  a  conservative  design  estimate  for  the  scour. 

The  hydraulic  and  sediment  routing  computations  were  carried  out 
with  the  assumption  that  only  50  percent  of  the  flows  would  be  diverted 
into  the  constricted  river  channel.  This  assumption  was  made  based  on 
the  findings  of  the  physical  model  study  made  at  Waterways  Experiment 
Station  which  indicated  a  flow  split  of  51/49  percent  between  the  main 
channel  and  the  spillways  for  high  flows.  Water  and  sediment  routing 
with  different  flow  ratios  between  the  main  channel  and  the  spillways, 
were  beyond  the  scope  of  this  study.  However,  the  present  computations 
indicate  most  of  the  scouring  activity  to  be  limited  to  large  flows.  It 
is  believed  that  diverting  an  additional  16  percent  of  the  discharge 
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through  the  constricted  channel  for  discharges  up  to  120,000  cfs,  as 
predicted  in  W.E.S.  physical  nodel  study,  would  not  cause  any 
significant  changes  in  the  results. 
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